ABSTRACT Background: The long-term effects of skipping breakfast on cardiometabolic health are not well understood. Objective: The objective was to examine longitudinal associations of breakfast skipping in childhood and adulthood with cardiometabolic risk factors in adulthood. Design: In 1985, a national sample of 9-15-y-old Australian children reported whether they usually ate breakfast before school. During follow-up in [2004][2005][2006], 2184 participants (26-36 y of age) completed a meal-frequency chart for the previous day. Skipping breakfast was defined as not eating between 0600 and 0900. Participants were classified into 4 groups: skipped breakfast in neither childhood nor adulthood (n = 1359), skipped breakfast only in childhood (n = 224), skipped breakfast only in adulthood (n = 515), and skipped breakfast in both childhood and adulthood (n = 86). Diet quality was assessed, waist circumference was measured, and blood samples were taken after a 12-h fast (n = 1730). Differences in mean waist circumference and blood glucose, insulin, and lipid concentrations were calculated by linear regression. Results: After adjustment for age, sex, and sociodemographic and lifestyle factors, participants who skipped breakfast in both childhood and adulthood had a larger waist circumference (mean difference: 4.63 cm; 95% CI: 1.72, 7.53 cm) and higher fasting insulin (mean difference: 2.02 mU/L; 95% CI: 0.75, 3.29 mU/L), total cholesterol (mean difference: 0.40 mmol/L; 95% CI: 0.13, 0.68 mmol/L), and LDL cholesterol (mean difference: 0.40 mmol/L; 95% CI: 0.16, 0.64 mmol/L) concentrations than did those who ate breakfast at both time points. Additional adjustments for diet quality and waist circumference attenuated the associations with cardiometabolic variables, but the differences remained significant. Conclusions: Skipping breakfast over a long period may have detrimental effects on cardiometabolic health. Promoting the benefits of eating breakfast could be a simple and important public health message.
INTRODUCTION
Regular breakfast skipping has been reported to be associated with generally unhealthy behaviors, such as consuming a poorer diet (1) and having lower physical activity levels (2) (3) (4) . These behaviors can result in a higher body mass index (BMI) and cardiometabolic risk factors. Because common breakfast foods come from the core food groups (breads and cereals, dairy products, and fruit), breakfast is typically a nutritious meal and is often low in fat and high in carbohydrates (5) . When breakfast is not eaten, it may be difficult to compensate later in the day, and breakfast skippers are reported to have higher daily intakes of fat, cholesterol, and energy and lower intakes of fiber, vitamins, and minerals than breakfast eaters (6) .
Breakfast skipping has been reported to be associated in crosssectional analyses with a higher BMI in children (7) and adults (8) (9) (10) . Several longitudinal studies have examined the effect of breakfast consumption over time on weight status and most, but not all, suggest that breakfast skipping is associated with weight gain. In studies with follow-up ranging from 3 to 10 y, breakfast skipping was associated with weight gain in normal-weight children (7), overweight girls (11) , adolescents (4, 12) , and men (3) . In contrast, skipping breakfast was associated with a lower weight gain in overweight boys (7) and a lower waist circumference in retired men (13) . In a controlled trial, obese women randomly assigned to either breakfast eating or no breakfast eating showed no difference in weight loss at the end of the 12-wk trial or at the 6-mo follow-up (14) .
In addition to body weight, skipping breakfast has been reported to adversely affect cardiometabolic risk factors. In a randomized crossover trial, 10 lean women ate breakfast for 2 wk and skipped breakfast for 2 wk (15) . No difference in the macronutrient composition of the diets was observed, but energy intake was higher during the breakfast skipping phase. At the end of each phase, no difference in body weight was observed. At the end of the breakfast skipping phase, the women had higher fasting total and LDL cholesterol than they did after the breakfast eating phase. Postprandial insulin was also higher after eating a test meal at the end of the breakfast skipping phase, but there were no differences in fasting insulin. The long-term effects of skipping breakfast on cardiometabolic risk factors have not been examined.
In this large study of 2184 young Australian adults followed since childhood, we had the opportunity to investigate associations between skipping breakfast and cardiometabolic health over a 20-y period. The aims of this study were to examine longitudinal associations between breakfast skipping in childhood and adulthood with waist circumference and fasting blood insulin and cholesterol in adulthood and to determine whether any associations could be explained by differences in diet quality and waist circumference.
SUBJECTS AND METHODS
The Childhood Determinants of Adult Health (CDAH) study is a follow-up of the 1985 Australian Schools Health and Fitness Survey-a nationally representative study of 7-15-y-old children from 109 primary and secondary schools. The sampling method was described elsewhere (16) . Briefly, the first stage of sampling involved selecting schools with a probability proportional to student enrollment. The second stage involved simple random sampling within each age and sex category to select children within those schools. The participation rates were 90.1% for schools and 67.5% for the selected children. During 2001-2002, 6840 (80%) participants were successfully traced and 5170 (61%) agreed to participate in the CDAH study. Thirty-four clinics were held in every state and territory around Australia during 2004-2006, when the participants were 26-36 y of age. The clinics included anthropometric measurements (n = 1723) and the collection of fasting blood samples (n = 1730). Questionnaires were also completed (n = 2248). Pregnant women (n = 64) were excluded from the analysis. The Southern Tasmania Health and Medical Ethics Committee approved the study. All participants gave written informed consent.
Measurements in 1985
In small supervised groups, children aged 9-15 y (n = 6559) completed a questionnaire on demographics, diet, and physical activity. Children aged 7-8 y (n = 1939) were not asked to complete the questionnaire because it was thought that they were too young to complete it reliably. Breakfast consumption was assessed by using the question "Do you usually eat something before school?" Children could respond "yes" or "no." Height was measured by using a KaWe height tape (KaWe Kirchner and Wilhelm, Asperg, Germany) or rigid measuring tape while they were barefoot. Weight was measured with beam or medical spring scales while the participants were dressed in light clothing. BMI (in kg/m 2 ) was calculated, and the children were classified by using Cole's cutoffs (17) .
Measurements in 2004-2006

Dietary assessment
The dietary questionnaire included a meal patterns chart, a food-frequency questionnaire (FFQ), and a food-habits questionnaire. Participants were asked to complete the meal-patterns chart for the previous day and to record which day of the week that was. The chart was divided into hourly intervals from 0600 to 2300 and 2300 to 0600 were combined. For each time interval, the participants were asked "Did you eat anything?" Response options were "no," "a snack," "a small meal," or "a large meal." Examples of each meal type were given. Participants were also asked, "Did you drink anything?" and could respond "no," "water," "alcohol," or "something else." This method of assessing meal patterns is similar to the method used in a previous study (18) . Breakfast was defined as eating a snack, small meal, or large meal between 0600 and 0900.
The FFQ included 127 items, and participants were asked to report how many times in the previous 12 mo they had consumed each item by using a 9-point scale ranging from "never/less than once per month" to "6 or more times per day." Participants who did not answer 90% of the FFQ were excluded from the analysis (n = 85). Daily equivalents were calculated for each item (19) . The FFQ was a modified version of one used in the 1995 Australian National Nutrition Survey and was based on an existing FFQ developed for Australian populations (20) (21) (22) (23) . Fruit and vegetable intake was assessed by using the 2 questions "How many serves of fruit do you usually eat each day?" and "How many serves of vegetables (excluding potatoes) do you usually eat each day?" Short questions have been shown to be a valid method of assessing fruit and vegetable intake (24) . Diet quality was assessed by comparing participants' intakes with sex-and age-specific recommendations in the Australian Guide to Healthy Eating (25) . Weekly consumption of takeout food was assessed by using the question "How often do you usually eat hot takeaway food (eg, pizza, burgers, fried or roast chicken, Chinese/Indian/Thai takeaway) (19) . Participants were also asked if they were currently following a special diet (vegetarian, weight-reduction, diabetic, fat-modified, other, no special way of eating).
Anthropometric measurements
For the anthropometric measurements, participants were standing and wearing light clothing without shoes. Waist circumference was measured 3 times at the narrowest point between the lower coastal border and the iliac crest at the end of normal expiration. The mean of the 3 measurements was used. Moderate abdominal obesity was defined as waist circumference 94 cm for men and 80 cm for women (26, 27) . Body weight was measured with a Heine portable scale (Heine, Dover, NH) and recorded to the nearest 0.1 kg. Height was measured with a portable Leicester stadiometer (Invicta, Leicester, United Kingdom) and recorded to the nearest 0.1 m. BMI (kg/m 2 ) was calculated.
Healthy lifestyle score
The healthy lifestyle score is based on 10 healthy characteristics or behaviors: BMI ,25, eating 7 servings/d of vegetables and fruit, eating fish or seafood 2 times/wk, eating red meat ,5 times/wk, regular use of skim milk, not adding salt to food, using margarine as a spread on savory items, not smoking tobacco during the previous year, 3 h/wk of moderate or vigorous physical activity, and drinking 20 g alcohol/d. The score aligns with evidence-based recommendations from peak bodies, such as the Australian National Heart Foundation and is described in detail elsewhere (28) . Briefly, participants are given one point for each healthy characteristic or behavior, with the total score ranging from 0 to 10 healthy characteristics/ behaviors. The total score has been shown to predict mortality in elderly men (29) and is inversely associated with metabolic risk factors is young adults (30) .
Blood chemistry
Venous blood samples were collected from the antecubital vein after an overnight fast. Triglycerides, total cholesterol, and HDL cholesterol were determined enzymatically by using an Olympus AU5400 automated analyzer (Olympus Optical, Tokyo, Japan). The LDL-cholesterol concentration was calculated by using the Friedewald formula (31) . Two methods were used to determine fasting insulin concentrations: a microparticle enzyme immunoassay kit (AxSYM; Abbot Laboratories, Abbot Park, IL) and an electrochemiluminescence immunoassay (Elecsys Modular Analytic E170; Roche Diagnostics, Mannheim, Switzerland). A correction factor of 0.81 was applied to the insulin values assessed with the microparticle-enzyme immunoassay. Insulin sensitivity was estimated by the homeostasis model assessment (HOMA) index, calculated by using the following formula: fasting serum insulin (U/mL) · fasting glucose (mmol/L)/22.5. Participants were classified as having high total cholesterol or LDL cholesterol if they were above the National Cholesterol Education Program Adult Treatment Panel guidelines [240 mg/dL (6.21 mmol/L) or 160 mg/dL (4.14 mmol/L), respectively (32)] or if they were taking lipid-lowering medication.
Continuous metabolic syndrome score
A continuous metabolic syndrome score was created by using the methods described by Wijndaele et al (33) . Blood pressure was measured 3 times with a digital automatic monitor (Omron HEM907; Omron Health Care Inc, Kyoto, Japan). The mean value was used in the analysis. Briefly, sex-specific principal component analysis with varimax rotation was applied to normalized International Diabetes Federation metabolic syndrome risk factors (34) to derive the principal components with eigenvalues 1.0. As in previous studies using this method, 2 principal components were identified (waist circumference, fasting triglycerides, and HDL cholesterol; fasting glucose and blood pressure) that explained 34% and 26% of the variance in men and 31% and 25% of the variance in women. These principal components were summed and weighted according to the relative proportion of variance explained to compute the continuous metabolic syndrome score.
Covariates
Other study factors used in the analysis included age, marital status (married or living as married versus other), highest level of education achieved (university, vocational, or no postsecondary education), occupation (professional/manager, nonmanual, manual, or not in the workforce), and current adult smoking status (never, former, or current). Leisure-time physical activity and time spent sitting were assessed by using the long version of the International Physical Activity Questionnaire (35) . Time spent watching television was also assessed (36) . Childhood factors included in the analysis included the childhood socioeconomic status quartile based on area of residence (high, medium high, medium low, or low) and childhood smoking experimentation (no, few puffs, 10 cigarettes in life, or .10 cigarettes in life).
Statistical methods
This analysis was restricted to participants who answered the breakfast questions in both childhood and adulthood. Breakfast skipping was self-reported and defined in childhood as not usually eating before school and in adulthood as not eating between 0600 and 0900 on the day before the questionnaire was completed. Participants were classified into 1 of 4 breakfast skipping groups: "neither" (did not skip breakfast in childhood or adulthood), "as a child" (skipped breakfast in childhood), "as an adult" (skipped breakfast in adulthood), or "both" (skipped breakfast in both childhood and adulthood).
Chi-square analysis was used to test for associations with sociodemographic, lifestyle factors, and consumption of foods that were plausibly associated with breakfast habits. Analysis of variance was used to compare the mean number of meals and snacks for participants in each of the 4 breakfast skipping groups. When the overall P value was ,0.05, a subgroup analysis was conducted by using tests of proportions or Fisher's protected least-squares difference procedure. Bonferroni adjustments were used for multiple comparisons, and P , 0.0085 was considered significant.
Differences in mean waist circumference and cardiometabolic risk factors were calculated by using linear regression. Covariates added to the model were those that were associated with the outcome and were not intermediates between the exposure and the outcome and that changed the coefficient of the variable for the principal study factor by .10% (37) when included in the model. Model 1 included age and sex. Model 2 made additional adjustments for education, occupation (included in the model as 3 dummy variables), adult smoking, television viewing, childhood socioeconomic status quartile, and childhood smoking experimentation. Model 3 made additional adjustments for dietary factors that were significantly different between the breakfast skipping groups to see whether diet quality was a mediator. Waist circumference was added to the model for blood markers of cardiometabolic risk to see whether any differences were mediated through abdominal obesity (model 4). Because skipping breakfast has been reported to be associated with other unhealthy lifestyle factors, additional adjustments were made for the healthy lifestyle score in some analyses. BMI was excluded from the score when it was added to the model with waist circumference and BMI as the outcomes.
Because meal patterns can be more variable during the weekend, the analysis was repeated excluding participants who completed their meal pattern chart for a weekend day (n = 575) or who did not indicate the day of the week they were reporting for (n = 73). All statistical analyses were conducted with STATA software (version 10.1, 2009; Statacorp, College Station, TX).
RESULTS
The 1985 sample was nationally representative, and one-third participated in the adult follow-up. Compared with the general population of 25-34 y-old Australians, a higher proportion of CDAH participants was married or living as married (61% compared with 72%) (38) and employed as professionals or managers (39% compared with 51%) (39) , and a lower proportion was current smokers (30% compared with 18%) (40) . The proportion classified as being overweight or obese (BMI 25) was very similar (47% compared with 51%) (40) . A comparison of participants who did and did not attend a CDAH follow-up clinic, based on their characteristics at baseline in 1985, showed that clinic attendees had a significantly lower mean BMI than did nonattendees (18.6 and 18.8, respectively; P , 0.001). The proportion of participants who reported skipping breakfast in childhood was not significantly different (14.0% of attendees and 15.7% of nonattendees; P = 0.07).
Breakfast consumption was reported by 1874 participants (85.8%) in childhood and 1583 (72.5%) in adulthood. Most participants reported eating breakfast at both times (n = 1359, 62.2%). Fifty-nine percent of participants who skipped breakfast in adulthood reported drinking something before 0900 (data not shown).
Factors associated with skipping breakfast
Childhood factors associated with skipping breakfast were experimentation with smoking, BMI, and speaking a language other than English at home ( Table 1 ). Additional analysis showed that participants who skipped breakfast at both time points were more likely to speak Greek at home during childhood and have a parent born in Asia or a mother born in Southern Europe. Breakfast skipping was not associated with the participant's country of birth or having a parent born in Australia. In adulthood, breakfast skipping was associated with marital status (being single), a lower level of education, smoking status (being a current smoker), television viewing, and being inactive (lower levels of leisure-time physical activity). Men and participants with a manual occupation were more likely to skip breakfast only as an adult. No significant difference was observed between the proportion of skippers and breakfast eaters who reported currently being on a weight-loss diet (neither, 6.5%; as a child, 7.2%; as an adult, 4.1%; both, 7.0%; P = 0.198).
Lifestyle score
Participants who skipped breakfast as an adult had lower healthy lifestyle scores than did those who ate breakfast as an adult. Those who ate breakfast at both time points had the highest mean (6SD) score: neither, 4.67 6 1.61; as a child, 4.46 6 1.59; as an adult, 4.20 6 1.52; both, 4.25 6 1.38 (P , 0.001).
Diet quality and meal timing
The proportions of participants meeting the dietary recommendations for breads and cereals, fruit, dairy, lean meat and alternatives, and takeout foods differed by breakfast skipping habits ( Table 2) . Those who skipped breakfast in both childhood and adulthood had the least healthy diet. For fruit, dairy, lean meats, and takeout food, the main difference was between those who ate breakfast as an adult and those who did not.
Participants who skipped breakfast in adulthood (as an adult or as both a child and an adult) were less likely to meet the dietary recommendations for fruit and dairy and were more likely to eat takeout food more than once per week than were those who ate breakfast (only skipped breakfast as a child, skipped neither as a child or as an adult; Table 2 ). In addition, participants who skipped breakfast at both time points were less likely to meet the recommendations for lean meat and alternatives. Participants who skipped breakfast only in adulthood were less likely to meet the recommendations for breads and cereals. When the analysis was repeated including only those who completed the mealpattern chart for a weekday, the differences in the proportion of participants meeting the guidelines for breads and cereals were not statistically significant (none, 12.4%; child only, 10.0%; adult, 7.2%; both, 7.3%; P = 0.065).
Adult breakfast skippers reported eating fewer snacks and small meals on the same day than did those who ate breakfast. (See Supplementary Table 1 under "Supplemental data" in the online issue.) Participants who skipped breakfast at both time points reported eating fewer large meals. Breakfast skippers (as an adult or both as a child and an adult) were less likely to eat between 1200 and 1400 and 1700 and 2000, but were more likely to eat between 0900 and 1200. Participants who skipped breakfast only as an adult were less likely to eat between 1400 and 1700.
Waist circumference and cardiometabolic risk factors
Participants who reported skipping breakfast in adulthood had a higher mean waist circumference, HOMA score, and fasting glucose, insulin, total cholesterol, and LDL-cholesterol concentrations than did those who ate breakfast as an adult ( Table 3) .
Compared with participants who reported eating breakfast at both time points, those who skipped breakfast at both time points had, on average, a 4.7-cm larger waist circumference ( Table 4) . This difference remained after adjustment for sociodemographic factors, smoking, and physical activity (model 2). Adjustment for diet quality (model 3) reduced the difference to 3.7 cm. Adjustment for the healthy lifestyle score (excluding BMI) did not attenuate the association (data not shown). Similar associations were observed for BMI. In the adjusted analyses, no significant differences in anthropometric measurements were observed between those who reported skipping breakfast only in childhood or only in adulthood and those who ate breakfast at both time points.
Participants who skipped breakfast in both childhood and adulthood also had significantly higher fasting insulin, triglycerides, total cholesterol, and LDL cholesterol and higher HOMA and metabolic syndrome scores than did those who ate breakfast at both time points, with the exception of triglycerides (Table 4) . These associations were attenuated but remained significant after adjustment for sex, age, socioeconomic factors, smoking status, and physical activity (models 1 and 2). Additional adjustments for indicators of diet quality (model 3) and waist circumference (model 4) attenuated the results further, but the differences remained significant for fasting insulin, total cholesterol, and LDL cholesterol. Adding the healthy lifestyle score to model 2 did not attenuate the results (data not shown). Fasting glucose was slightly higher in those who skipped breakfast in adulthood than in those who ate breakfast. The difference was only statistically significant in those who skipped breakfast only in adulthood. In the adjusted analyses, no differences in the mean values of cardiometabolic variables were observed between those who skipped breakfast only in childhood and those who ate breakfast at both time points.
The proportion of participants classified as having high total cholesterol was not significantly different between the 4 groups (neither, 7.9%; as a child, 6.4%; as an adult, 8.2%; both, 15.4%; P = 0.230). A higher proportion of participants who skipped breakfast at both time points was classified as having high LDL cholesterol (neither, 7.5%; child only, 5.8%; as an adult, 8.6%; both, 18.3%; P = 0.037). When the analysis was repeated including only participants who completed the meal frequency chart for a weekday, the same associations were observed; however, the effects were stronger (data not shown). Exclusion of participants with self-reported diabetes (n = 35) did not change the significance or the strength of the associations.
DISCUSSION
In this sample of young Australian adults, skipping breakfast was associated with a larger waist circumference, cardiometabolic risk factors, poorer diet quality, and unhealthy lifestyle behaviors. Participants who skipped breakfast in both childhood and adulthood had, on average, a larger waist circumference, a higher HOMA score, a higher BMI, and higher mean fasting insulin and total and LDL-cholesterol concentrations than did participants who ate breakfast at both time points. These associations were not explained by our measures of socioeconomic, lifestyle, or dietary factors. The associations with cardiometabolic risk factors were attenuated after adjustment for waist circumference but remained significant (except for HOMA). In addition, a significantly higher proportion of participants who skipped breakfast at both time points was classified as having high LDL cholesterol than in the other 3 breakfast groups. Our findings regarding cardiometabolic risk factors are supported by the result of a randomized crossover trial (15) . In that study, women had higher total cholesterol and LDL cholesterol after skipping breakfast for 2 wk than they did when they ate breakfast for 2 wk. In contrast, Farshchi et al (15) found no difference in fasting insulin between the breakfast eating and breakfast skipping phase, but postprandial insulin was higher after the breakfast skipping phase. It is possible that skipping breakfast for 2 wk was not long enough to affect fasting insulin in that study.
The higher total and LDL-cholesterol concentrations that we observed in participants who skipped breakfast at both time points may be due to a higher intake of saturated fat in this group. Although we adjusted for dietary intake, it is possible that our dietary measures were not sensitive enough. Another possible explanation is a higher insulin stimulus of hydroxyl methyl glutaryl Co-A (HMGCoA) reductase, which is one of the ratelimiting enzymes in cholesterol synthesis. Compared with participants who ate breakfast during both childhood and adulthood, those who skipped breakfast at both time points had higher fasting insulin concentrations and therefore may have higher HMGCoA reductase, which results in higher cholesterol concentrations.
Participants who skipped breakfast in adulthood had a lower healthy lifestyle score and were less likely to be meeting dietary recommendations than those who ate breakfast in adulthood. This supports previous research that has shown that skipping breakfast clusters with other unhealthy lifestyle habits such as smoking and lower levels of physical activity (2) (3) (4) . Previous studies have also reported that breakfast skippers have a poorer diet quality than do breakfast eaters (6) . However, in this study, these unhealthy behaviors and poorer diet quality did not account for the higher waist circumference and cardiometabolic risk factors in those who skipped breakfast at both time points. The results were only slightly attenuated and remained significant after adjustment for diet quality, and adjustment for the healthy lifestyle score did not change the results.
Participants who skipped breakfast in adulthood reported eating fewer snacks and meals during the day. It is uncertain whether breakfast skippers have larger portion sizes, consume 1 Pregnant women were excluded from the analysis. SES, socioeconomic status.
2 Breakfast skipping was self-reported and defined in childhood as not usually eating before school and in adulthood as not eating between 0600 and 0900 on the day before the questionnaire was completed. "Neither" indicates that the subjects did not report skipping breakfast in childhood or adulthood. "Both" indicates that the subjects skipped breakfast in both childhood and adulthood.
3 Abdominal obesity was defined as waist circumference 94 cm for men and 80 cm for women.
more energy-dense meals, or underreport more than do breakfast eaters. Previous studies reported that breakfast skippers have higher energy intakes than do breakfast eaters (6, 15) . One study suggests that eating in the morning is more satiating and may reduce the total energy intake over the day (41) . We found that breakfast skippers were more likely to eat late in the morning and were less likely to eat during typical lunch (1200-1400) and dinner (1700-2000) times. We did not know whether participants were shift workers, and it is possible that some participants classified as not eating breakfast actually had breakfast when they got up later in the day. However, in support of our findings, 59%
of our adult breakfast skippers reported having a drink before 0900, which suggested that most of them were active at this time.
Participants who skipped breakfast in adulthood but not in childhood had meal patterns similar to those who skipped breakfast at both time points. However, participants who skipped breakfast at both time points were the only group to have had a significantly larger waist circumference and higher cardiometabolic risk factors than those who ate breakfast at both time points. It is possible that skipping breakfast over a long period alters metabolism, which results in greater storage of fat. Alternatively, the higher waist circumference observed in those who skipped breakfast in 2 Breakfast skipping was self-reported and defined in childhood as not usually eating before school and in adulthood as not eating between 0600 and 0900 on the day before the questionnaire was completed. "Neither" indicates that the subjects did not report skipping breakfast in childhood or adulthood. "Both" indicates that the subjects skipped breakfast in both childhood and adulthood.
3 Daily dietary recommendations for Australian adults aged 19-60 y are 6-12 servings (men) or 4-9 servings (women) of bread and cereals, 5 servings of vegetables, 2 servings of fruit, 2 servings of dairy, 1 serving of lean meat and alternatives, and 0-3 (men) or 0-2.5 (women) servings of extra foods. Takeout food was limited to ,1/wk. Participants who consumed at least the lower value for breads and cereals and did not exceed the upper limit for extra foods were classified as "meeting the recommendation." Participants classified as meeting the vegetable recommendation were consuming 4-5 servings/d. 4 When the overall P value was significant (P , 0.05), a subgroup analysis was undertaken by using a test of proportions with Bonferroni adjustments (P , 0.0085 was considered significant). 1 Only participants with data for all covariates used in the models were included in the analysis. Some participants were missing values for cardiometabolic risk factors; therefore, sample sizes vary (Neither, n = 856-901; As a child, n = 137-147; As an adult, n = 315-332; Both, n = 49-57). Ref, reference; HOMA-IR, homeostasis model assessment of insulin resistance. Model 1 was adjusted for sex and age. Model 2 was adjusted for sex, age, education, occupation, adult smoking, television viewing, leisure-time physical activity, childhood socioeconomic status quartile, and childhood smoking. Model 3 was adjusted as for model 2 and for daily equivalents of fruit, dairy, lean meats, and weekly takeout food. Model 4 was adjusted as for model 3 and for waist circumference. b represents the difference in means, calculated by using linear regression.
2 Breakfast skipping was self-reported and defined in childhood as not usually eating before school and in adulthood as not eating between 0600 and 0900 on the day before the questionnaire was completed. "Neither" indicates that the subjects did not report skipping breakfast in childhood or adulthood. "Both" indicates that the subjects skipped breakfast in both childhood and adulthood. childhood and adulthood may have been caused by higher energy intakes over the 20-y follow-up. We were unable to adjust for energy intake because this was not available from the FFQ. However, we did take into account key determinants of energy intake by adjusting for sex, age, and physical activity levels. Further adjustment for diet quality did not diminish the associations. Adjustment for waist circumference reduced the associations with cardiometabolic risk factors, which suggested that waist circumference is an important mediator; however, there were still independent effects of skipping breakfast.
This study had several limitations. Although it was a national study, the sample was not truly representative of the general population. This would be more of an issue in a descriptive study than in an analytic study such as this. We had a large sample and a good distribution of potential confounders and effect modifiers, and the lack of representativeness was unlikely to have affected the association we found between breakfast skipping and waist circumference. The childhood question asked about usual breakfast consumption, whereas the question in adulthood only referred to the previous day and may not be representative of the participants' typical eating patterns. Moreover, data were collected at only 2 time points and may not reflect typical breakfast consumption patterns in the intervening years.
The key strengths of this study include the large national sample and the 20-y follow-up period. Waist circumference was measured by trained staff using standardized protocols to minimize the possibility of measurement error. We also had measures of a wide range of sociodemographic and lifestyle factors that we were able to include in our models to reduce possible confounding. To our knowledge, this is the first study to examine longitudinal associations of breakfast consumption in childhood and adulthood with cardiometabolic risk factors in adulthood. Further longitudinal studies with repeat measures of breakfast behaviors across the life course are needed to confirm these findings and to investigate potential mechanisms.
In conclusion, in this sample of young adults, participants who reported skipping breakfast in both childhood and adulthood had larger waist circumferences, higher BMIs, and poorer cardiometabolic profiles than did those who reported eating breakfast at both time points. This was not explained by our measures of sociodemographic factors, physical activity, or diet quality. Promoting the benefits of eating breakfast could be a simple and important public health message.
